Introduction
============

Cardiovascular diseases (CVDs) are the leading causes of death in adults worldwide, contributing to high rates of early morbidity and mortality^[@r01],[@r02]^. In Brazil, CVDs concentrate annually 1/3 of the overall deaths^[@r03],[@r04]^.

Dyslipidemia is one of the risk factors (RF) for development of CVDs^[@r05]^. Given its importance, studies are being conducted to determine the abnormalities associated with plasma lipid changes and their implications on the occurrence of CVDs^[@r06],[@r07]^. In genetics, several gene polymorphisms and mutations have been identified and associated with atherosclerosis and coronary artery disease (CAD)^[@r08],[@r09]^. This is the case of the apolipoprotein E (*ApoE*), which is essential for the transport and metabolism of cholesterol and structural stability of lipoproteins^[@r10],[@r11]^, and whose gene has three polymorphic alleles (ε*2*, ε*3* and ε*4*)^[@r12]^. Population studies have shown higher plasma levels of low-density lipoprotein cholesterol (LDL-c) in carriers of the ε*4* allele^[@r12]^, leading to an association of this allele with the occurrence of CVDs^[@r13]^.

Mutations in the LDL receptor gene (*LDLR*) have also been implicated with dyslipidemias, particularly in primary forms of homozygous or heterozygous hypercholesterolemia such as familial hypercholesterolemia (FH), a condition associated with early severe atherosclerosis and CAD^[@r14]-[@r16]^. The *LDLR* gene encodes a protein with binding domains for apolipoproteins B and E. Among the different polymorphisms found in the *LDLR* gene, the A370T has been investigated for its association with increased lipid levels and cardiovascular risk^[@r17],[@r18]^.

Dyslipidemias may be present from an early age, and abnormal lipids tend to persist over time (tracking effect) until adulthood. The identification of genetic markers involved with abnormal lipid metabolism may contribute to the recognition at a young age of patterns of genetic susceptibility and guide interventions to correct these abnormalities.

Based on that, the aim of this study was to investigate the distribution pattern of polymorphisms of the *APOE* and *LDLR* genes and their associations with the dyslipidemia phenotype, notably on its tracking effect, in a young population followed up for 17 years.

Method
======

The sample of this study was retrieved from the Study of Rio de Janeiro (*Estudo do Rio de Janeiro*, ERJ). This longitudinal cohort study is part of a line of research on blood pressure (BP) and other cardiovascular RFs in young adults developed in 1983 at the Hypertension Unit of the *Hospital Universitário Pedro Ernesto* (HUPE) at *Universidade do Estado do Rio de Janeiro* (UERJ)^[@r19]^.

The ERJ included three different assessments, named A1, A2 and A3. Assessment A1 was conducted between 1987 and 1988 in individuals aged 10-16 years (mean 13.30 ± 1.53 years), A2 was conducted between 1996 and 1999 in individuals aged 18-26 years (mean 22.09 ± 1.91 years) and A3 was conducted between 2004 and 2005 in individuals aged 27‑35 years (mean 31.23±1.99 years)^[@r19]^.

We selected for genetic evaluation 75 individuals from the original ERJ cohort who had undergone all three assessments (A1, A2 and A3). However, laboratory evaluation was not performed in 19 individuals at A2 and these individuals were excluded from the analysis, yielding a study sample of 56 individuals with serum lipid evaluation at assessments A2 and A3, as well as genetic profile evaluation.

Dyslipidemia was considered present when one or more lipid values were increased (total cholesterol \[Col-T\], LDL-c and triglycerides \[TG\]) or decreased (high-density lipoprotein cholesterol \[HDL-c\]), alone or in combination, using as cutoff values those recommended by the V Brazilian Guideline on Dyslipidemias and Atherosclerosis Prevention^[@r20]^. The tracking effect consists of a repeat behavior of these abnormal variables (increase or decrease) at both assessments conducted during young adulthood (A2 and A3).

Three groups were established based on the occurrence of dyslipidemia tracking:

**Group 0:** No abnormal lipid variables in A2 and A3; n = 11 individuals (10 women) with a mean age of 30.89 ± 1.64 years;

**Group 1:** At least one abnormal lipid variable in one of the evaluations (A2 or A3); n = 12 individuals (10 men) with a mean age of 31.47 ± 2.35 years;

**Group 2:** One or more abnormal lipid variables in two evaluations (A2 and A3); n = 33 individuals (24 men) with a mean age of 31.25 ± 1.99 years.

Clinical, anthropometric, laboratory, and genetic evaluations
-------------------------------------------------------------

Both BP and BMI were evaluated at A1, A2 and A3. The A2 and A3 assessments also included measurements of Col-T, HDL-c and TG after a 12-hour fasting, and calculation of LDL-c. Blood collection for genetic testing and measurement of waist circumference (WC) were performed at A3.

### Measurement of BP

Measurement of BP was carried out according to the recommendations of the VI Brazilian Guidelines of Hypertension^[@r21]^. The BP was measured on the right arm, with the individual lying down and then seated, using an aneroid mercury sphygmomanometer (Romed) fixed to the wall, and zeroed to the midaxillary line. We selected cuffs with size and width suitable for the circumference and length of the individuals' arms. We considered as systolic BP (SBP) the appearance of the first Korotkoff sound (Korotkoff phase I), and for diastolic BP (DBP), the disappearance of the sound (Korotkoff phase V). The BP was measured three times with 5-minute intervals between each measurement, and the last measurement was used for the analysis. We considered the BP to be increased in A1 when SBP and/or DBP was ≥ 95th percentile for gender and age, and in A2 and A3 when SBP was ≥ 140 mmHg and/or DBP ≥ 90 mmHg.

### Anthropometric variables

Weight (W) and height (H) were measured on a platform scale (Filizola, São Paulo, Brazil) with a 150-kilogram (kg) capacity and 100-gram precision. Weight was expressed in kg and determined with the individual barefoot and wearing light clothes. Height was expressed in centimeters (cm) and determined from the distance between the vertex of the head to the soles of the feet with the individual in an upright position and barefoot^[@r22]^.

From the measurements of weight and height, we calculated the BMI using the formula BMI = W/H^[@r02]^ and expressed the results in kg/m^2^.

The WC was measured parallel to the ground with a flexible and inelastic tape measure with precision of 0.1 cm, with the individual in an upright position and the abdomen relaxed. The measurement was determined horizontally on the shortest distance between the lower border of the last rib and the iliac crest, with the tape held firmly but without pressure against the skin^[@r22]^.

### Laboratory variables

Blood was collected by antecubital venipuncture under standard conditions in the morning (before 8:30 am) after a 12-hour fasting.

All samples were placed in siliconized vacuum tubes and processed in up to 30 minutes. Measurements were performed in the serum obtained after centrifugation at a speed of 3,500 rotations per minute for five minutes.

For measurement of serum cholesterol and HDL-c, we used the enzymatic colorimetric method CHOD/PAP and for measurement of TG, we used the enzymatic method GPD/BAP. To calculate the LDL-c levels, we used the Friedewald formula when TG levels were \< 400 mg/dl.

### Genetic analysis\>

DNA was extracted by the salting-out method using 2-ml aliquots of whole blood^[@r23]^. The analyses of the allelic variants of the *APOE* gene (ε*2*, ε*3*, ε*4*) were carried out with the technique of polymerase chain reaction (PCR) with the primers *APOE* F 5\'- TAA GCT TGG CAC GGC TGT CCA AGG A-3\' and *APOE* R 5\'- ACA GAA TTC GCC CCG GCC TGG TAC AC-3\' in 35 PCR cycles (95ºC for 60 sec, 63ºC for 60 sec and 72ºC for 120 sec) to amplify a product of 244 base pairs (bp)^[@r24]^. The products of PCR amplification were digested with the enzyme *Hha*I (Fermentas) and the fragments were visualized in 12% polyacrylamide gel by silver nitrate staining. The fragments representing each genotype are as follows: ε*2*ε*3* (91, 83 and 48 bp), ε*3*ε*4* (91, 72 and 48 bp), ε*2*ε*4* (91, 83, 72 and 48 bp) and ε*3*ε*3* (91 and 48 bp).

To genotype the A370T polymorphism, a region of 150 bp was amplified by PCR using the primers P1: 5'‑GAG TGT CAG GAT CCC GAC ACC TGC GCC-3' and P2: 5 \'-AAG TCG ACC CAC CCG CCT GCC TCC CGT-3**\'**in 35 cycles (95°C for 60 sec, 68°C for 60 sec and 72° C for 120 sec)^[@r25]^. To determine the polymorphism, PCR products were digested with the enzyme *Hae*III (Biotech), and fragments were separated on 3.5% agarose gel and visualized by ethidium bromide staining. The fragments representing A allele were 77, 47 and 26 bp, and those representing the T allele were 124 and 26 bp.

To demonstrate the random genetic distribution of the ERJ cohort, the genotype and allelic frequencies of the polymorphisms analyzed in the study were compared with those observed in a cohort of 75 non-hospitalized individuals (41 men and 34 women) randomly selected from a DNA database of more than 10,000 individuals who underwent parental testing, provided for this study by the *Laboratório de Diagnósticos por DNA* (LDD) at UERJ. This sample was identified as LDD. It is worth noting that the populations are not required to be phenotypically homogeneous for comparison of genetic distribution.

The study was approved by the Ethics Committee for Research of HUPE under the number 2130-CEP/HUPE, and all participants signed an Informed Consent Form.

Statistical Analysis
--------------------

For statistical treatment of the data, we used the software SPSS for Windows version 12.0 (Chicago, Illinois, USA). Gene and haplotype frequencies were estimated according to Saitou and Nei^[@r26]^, using the program Arlequin, version 3.0^[@r27]^. Chi-square test (χ^2^) and analysis of variance (F) were used to compare the pattern of distribution of the polymorphisms with clinical anthropometric and lipid variables, with p \< 0.05 results considered significant. The test of homogeneity of variances was applied to evaluate the normal distribution of the studied variables.

Results
=======

The sample consisted of 56 individuals, 35 (62.5%) of whom were males and 21 (37.5%) females, aged between 27-35 years (mean 31.23 ± 1.99 years). [Table 1](#t01){ref-type="table"} presents the clinical, anthropometric and laboratory variables of the studied population at all three assessments (A1, A2 and A3).

###### 

Clinical, anthropometric and laboratory variables of the studied population at three assessments[\*](#TFN01){ref-type="table-fn"}

  **Variables**   **Evaluations**                    
  --------------- ----------------- ---------------- ----------------
  Age (years)     13.30 ± 1.53      22.09 ± 1.91     31.23 ± 1.99
  SBP (mmHg)      115.28 ± 14.83    124.35 ± 13.79   125.43 ± 16.67
  DBP (mmHg)      63.81 ± 12.84     79.86 ± 10.79    83.20 ± 13.72
  BMI (kg/m^2^)   20.26 ± 3.05      24.04 ± 3.64     26.79 ± 5.53
  WC (cm)         \-                \-               92.96 ± 14.66
  Col-T (mg/dL)   \-                175.37 ± 34.34   181.44 ± 31.72
  TG (mg/dL)      \-                88.37 ± 42.34    103.71 ± 56.14
  HDL-c (mg/dL)   \-                45.87 ± 13.16    49.05 ± 15.87
  LDL-C (mg/dL)   \-                111.82 ± 27.58   111.23 ± 27.95

Values are expressed as mean ± standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; WC: waist circumference; Col-T: total cholesterol; TG: triglycerides; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol.

[Table 2](#t02){ref-type="table"} shows the results of clinical (SBP and DBP), anthropometric (WC and BMI) and laboratory (Col-T, HDL-c, LDL-c and TG) variables at A3 for all three groups (groups 0, 1 and 2) stratified by dyslipidemia tracking. When compared with groups 0 and 1, group 2 presented higher mean values of SBP, BMI, WC, TG and LDL-c and lower mean values of HDL-c.

###### 

Clinical, anthropometric and laboratory variables at A3 in the studied groups according to dyslipidemia tracking[\*](#TFN02){ref-type="table-fn"}

  **Variables**   **Groups of dyslipidemia**   **Test F**       **p**                    
  --------------- ---------------------------- ---------------- ---------------- ------- ----------
  Age (years)     30.89 ± 1.64                 31.47 ± 2.35     31.25 ± 1.99     0.239   0.788
  SBP (mmHg)      114.36 ± 14.58               120.17 ± 13.05   129.76 ± 15.79   5.01    0.01
  DBP (mmHg)      76.36 ± 8.66                 78.17 ± 13.89    85.27 ± 13.44    2.69    0.07
  BMI (kg/m^2^)   23.81 ± 3.72                 24.34 ± 4.02     28.67 ± 5.81     5.43    0.007
  WC (cm)         80.50 ± 6.74                 86.91 ± 8.72     98.63 ± 14.26    10.86   \< 0.001
  Col-T (mg/dL)   164.45 ± 18.35               179.58 ± 29.12   187.78 ± 34.50   2.37    0.10
  HDL-c (mg/dL)   62.09 ± 9.63                 53.0 ± 11.55     43.51 ± 15.99    7.50    0.001
  LDL-C (mg/dL)   89.47 ± 13.59                106.56 ± 28.60   119.90 ± 27.55   6.01    0.004
  TG (mg/dL)      64.18 ± 31.44                81.33 ± 41.37    125.03 ± 57.68   7.48    0.001
  Gender          10 F / 1 M                   2 F/ 10 M        9 F/ 24 M        \-      \-

Values expressed as mean ± standard deviation; group 0: no abnormal lipid variable at A2 and A3; group 1: one or more abnormal lipid variables at A2 or A3; group 2: one or more abnormal lipid variables at A2 and A3; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; WC: waist circumference; Col-T: total cholesterol; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol; TG: triglycerides; F: female; M: male; F-test: analysis of variance.

The genetic analysis of the 56 individuals identified the following genotypes for *APOE*: ε*3*ε*3* (62.5%), ε*3*ε*4* (25.0%), ε*2*ε*3* (5.4%), ε*2*ε*4* (5.4%) and ε*4*ε*4* (1.8%) ([Table 3](#t03){ref-type="table"}).

###### 

*APOE* genotypes according to dyslipidemia group[\*](#TFN03){ref-type="table-fn"}

  ***APOE* genotypes * ***   **Dyslipidemia group**   **Total**                 
  -------------------------- ------------------------ ------------ ------------ ------------
  *ε2ε3* n(%)                3 (27.3%)                \-           \-           3 (5.4%)
  *ε3ε3* n(%)                5 (45.5%)                10 (83.3%)   20 (60.6%)   35 (62.5%)
  *ε3ε4* n(%)                3 (27.3%)                2 (16.7%)    9 (27.3%)    14 (25%)
  *ε2ε4* n(%)                \-                       \-           3 (9.1%)     3 (5.4%)
  *ε4ε4* n(%)                \-                       \-           1 (3.0%)     1 (1.8%)

Values are expressed as n (%) χ^2^ = 16.848; p = 0.032**;**APOE: apolipoprotein E gene; group 0: no abnormal lipid variable at A2 and A3; group 1: one or more abnormal lipid variables at A2 or A3; group 2: one or more abnormal lipid variables at A2 and A3.

As for the distribution of the *APOE* genotypes in the groups according to the occurrence of dyslipidemia tracking, we observed that in group 0, genotype ε*3*ε*3* affected 45.5% of the individuals, followed by ε*2*ε*3* and ε*3*ε*4*, each affecting 27.3% of the individuals. In group 1, the ε*3*ε*3* genotype was present in 83.3% of the individuals and the ε*3*ε*4* genotype in 16.7%. Genotypes ε*2*ε*3*, ε*2*ε*4* and ε*4*ε*4* were not observed in group 1. In group 2, which featured the greatest genotype diversity in the sample, the distribution was 60.6% for ε*3*ε*3*, 27.3% for ε*3*ε*4*, 9.1% for ε*2*ε*4* and 3% for ε*4*ε*4*. Genotype ε*2*ε*3* was not observed in this group. This distribution had statistical significance (χ^[@r02]^ = 16.848, p = 0.0032) and showed that 39.4**%** of the individuals in group 2 had genotypes containing the ε*4* allele. It should be noted that all subjects with genotypes ε*2*ε*4* and ε*4*ε*4* maintained at least one abnormal lipid value in A2 and A3 (group 2 -- one or more abnormal lipid variables in A2 and A3), whereas none of the subjects with genotype ε*2*ε*3* had abnormal lipids (group 0 -- no abnormal lipid values in A2 and A3) ([Table 3](#t03){ref-type="table"}).

We also analyzed the polymorphisms of the *LDLR* gene and identified the following genotypes: AA in 85.7%, AT in 12.5% and TT in 1.8% of the individuals ([Table 4](#t04){ref-type="table"}).

###### 

*LDLR* genotypes according to dyslipidemia group[\*](#TFN04){ref-type="table-fn"}

  ***LDLR* genotypes**   **Dyslipidemia group**   **Total**                 
  ---------------------- ------------------------ ------------ ------------ ------------
  AA n (%)               9 (81.8%)                10 (83.3%)   29 (87.9%)   48 (85.7%)
  AT n (%)               2 (18.2%)                2 (16.7%)    3 (9.1%)     7 (12.5%)
  TT n (%)               \-                       \-           1 (3.0%)     1 (1.8%)

Values expressed as n (%) χ^2^ = 1.500; p = 0.827; LDLR: low-density lipoprotein receptor gene; group 0: no abnormal lipid variable at A2 and A3; group 1: one or more abnormal lipid variable at A2 or A3; group 2: one or more abnormal lipid variable at A2 and A3.

The analysis of the distribution of *LDLR* genotypes according to dyslipidemia tracking showed no statistically significant difference between the groups ([Table 4](#t04){ref-type="table"}).

For comparison purposes, the genotype and allele frequencies of *APOE* and *LDLR* gene polymorphisms of the 56 individuals from the ERJ cohort and 75 individuals from the LDD cohort are shown in [Table 5](#t05){ref-type="table"}. Fisher\'s exact test showed no significant differences between the allele distributions of the ERJ and LDD cohorts.

###### 

Genotype and allele frequencies of *APOE* and *LDLR* gene polymorphisms in the ERJ and LDD cohorts

  ***APOE***             ***LDLR***                                                                       
  ---------------------- ------------------- ------------- ---------------------- ----------------------- -------------
                         ERJ(n = 56)         LDD(n = 75)                          ERJ(n = 56)             LDD(n = 75)
  ε2ε3                   5.3                 4.2           AA                     88.0                    86.5
  ε3ε3                   66.7                75.0          AT                     10.6                    13.5
  ε3ε4                   22.7                18.0          TT                     1.3                     \-
  ε2ε4                   4.0                 2.8                                                           
  ε4ε4                   1.3                 \-                                                            
  **Alleles**            **Frequency (%)**   **Alleles**   **Frequency (%)**                              
  ε2                     6.6                 3.5           A                      93.5                    93.3
  ε3                     79.4                86.0          T                      6.5                     6.7
  ε4                     14.0                10.5                                                          
  Ho                     34.6                25.0          Ho                     10.5                    13.5
  He                     34.8                24.8          He                     12.3                    12.6
  HWE                    p = 0.5098          p = 0.2128    HWE                    p = 0.2715              p = 1.000
  DP = 0.0005            DP = 0.0004         DP = 0.0004   DP = 0.00                                      
  Fisher\'s exact test   p = 0.51528         \-            Fisher\'s exact test   p = 0.990, SD = 0.003   \-
  DP = 0.001                                                                                              

ERJ: participants of the Rio de Janeiro Study; LDD: cohort from the Laboratório de Diagnósticos por DNA; APO: apolipoprotein E gene; LDLR: low-density lipoprotein receptor gene; He: expected heterozygosity, Ho: observed heterozygosity; HWE: Hardy-Weinberg equilibrium; SD: standard deviation.

Discussion
==========

Studies have shown an association between *APOE* and *LDLR* genotypes with increased levels of lipid macromolecules such as Col-T, TG and LDL-c, decreased levels of HDL-c, and cardiovascular disease, especially CAD^[@r11],[@r28]^.

In the present study, we investigated the distribution pattern of *APOE* and *LDLR* gene polymorphisms in a population of adolescents followed up for 17 years, considering the occurrence of dyslipidemia based on change (increase or decrease) of one or more lipid variables and their repetition (tracking) at two different moments (A2 and A3) during young adulthood.

In the analysis of *APOE* polymorphisms based on dyslipidemia tracking, our study showed that individuals with genotype ε*2*ε*3* were concentrated in group 0, that is, the group in which lipid variables (Col-T, TG, HDL-c and LDL-c) were normal at two evaluations (A2 and A3). These findings are in agreement with those by Ferreira et al.^[@r29]^ who demonstrated in a study with 216 individuals (109 with dyslipidemia and 107 without dyslipidemia) a similar frequency of allele distribution for *APOE* polymorphisms in both groups. However, in individuals with normal lipid levels in that study, the presence of the ε*2* allele was strongly associated with low serum levels of Col-T and LDL-c, which may suggest a possible protective role associated with this allele^[@r29],[@r30]^.

Similarly, Bazzaz et al.^[@r31]^, in a cohort study with 320 individuals in Iran, investigated the association between *APOE* gene polymorphisms, lipid profile and BMI. The authors observed that the ε*2* allele was more frequent in individuals with Col-T \< 200 mg/dl (p = 0.01), and found an even greater association of the individuals with normal serum Col-T levels with genotype ε*2*ε*3* when compared with individuals with abnormal levels of Col-T (p = 0.003)^[@r31]^.

As for the ε*4* allele, studies in the general population and hypertensive patients have shown an association of this allele with an increase in levels of Col-T and LDL-c. Due to that, the ε*4* allele has been associated with higher risk of CAD even in healthy individuals^[@r28],[@r32]^. Fuzikawa et al.^[@r30]^, in a study with 1,406 adults of both genders, observed a high prevalence of hypertension (61.3%) and higher average values of LDL-c in patients with the ε*4* allele (p = 0.036) when compared with patients with the ε*2* allele (p \< 0.001)^[@r30]^. Similarly, Salazar et al.^[@r33]^ showed an association of the ε*4* allele with dyslipidemias in a study that investigated *APOE* gene polymorphism in 150 women with and without CAD. Compared with the control group in that cohort, women with CAD showed significantly higher levels of Col-T, TG and LDL-c and a higher frequency of the ε*4* allele and the ε*3*ε*4* genotype^[@r33]^.

In the present study, 18 individuals (32.1%) were carriers of the ε*4* allele in different genotype combinations, 13 (72.2%) of whom were in group 2 which aggregated higher values of SBP, BMI and WC and therefore, worse cardiovascular risk profile. It is worth noting that the only individual in the cohort with genotype ε*4*ε*4* was in group 2.

Thus, the evidence seems to point to a possible damaging role for the ε*4* allele and a protective role for the ε*2* allele. However, the combination of these alleles in different genotypes can render these roles less clear. In this study for example, all subjects with genotype ε*2*ε*4* were in group 2 which had the worse risk profile and one or more abnormal lipid variables at two evaluations. This result seems to suggest that when the ε*4* allele is present, the protective role of the ε*2* allele is either lost or decreased.

In the present study, we also observed a predominance of males in group 2 (n = 24; 72.72%) ([Table 2](#t02){ref-type="table"}). This group presented the worst cardiovascular risk profile, which is in line with the premise that the male gender is associated with increased cardiovascular risk^[@r21]^.

We found no association between *LDLR* gene polymorphisms and dyslipidemia tracking in the young individuals of this cohort. Frikke-Schmidt et al.^[@r25]^ also found no significant association between plasma levels of Col-T, LDL-c and individuals with AA genotype compared with those with a TT genotype. However, these authors reported increased risk (3.6 times) of ischemic stroke in homozygous individuals with a TT genotype compared with those with an AA genotype^[@r25]^.

We found five genotypes for the *APOE* polymorphism in the ERJ cohort. As for the *LDLR* polymorphism, all three were found in this cohort. The most frequent *APOE* genotypes were ε*3*ε*3* and the most frequent *LDLR* genotype was AA.

It is worth noting that the genotype and allele frequencies found in the ERJ cohort for *APOE* gene polymorphisms were similar to those found in cohorts from other states in Brazil, such as the cohort from Rio Grande do Sul (Porto Alegre)^[@r12]^ and in other cohorts worldwide^[@r34]^. The genotype and allele frequencies of the ERJ cohort for the *LDLR* polymorphisms were similar to those found in other populations, such as the one from the study of Frikke-Schmidt et al.^[@r25]^. Similarly, the comparison of the genetic distribution in the ERJ cohort with that from a representative sample group randomly selected from the state of Rio de Janeiro (LDD), and the confirmation of the homogeneity of their distributions, suggests that the ERJ cohort has a random profile, suitable for the development of the proposed study.

Despite the limitations of the study, the association between a specific genetic profile with the presence of dyslipidemia in young individuals over time in a small population brings a novel and relatively unknown perspective to the currently available medical literature. Studies with more than 20 years of follow-up, such as the ERJ, have losses associated with the longitudinal tracking of the participants, but have unequivocally contributed to a better understanding of the behavior of cardiovascular risk factors in the Brazilian population.

Conclusion
==========

A study of *APOE* gene polymorphisms in participants of the ERJ showed that the presence of the ε*4* allele was more prevalent in group 2, which consisted of young individuals with repeatedly abnormal lipid variables during longitudinal follow-up (tracking effect). This group also showed aggregation of worse anthropometric variables (higher BMI and WC) and increased BP, rendering a worse cardiovascular risk profile to these individuals.
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